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Abstract

The Uni�ed Modelling Language(UML) is a diagram-
matic notation widely usedin the computing industry
and often taught in universities as a way to repre-
sent software requirements speci�cations and design
descriptions. In this paper we identify a number of
problems associated with teaching UML and how we
haveminimised their impact by making useof the Ex-
ecutable/Translatable UML (X

T UM L). We describe
two case studies that demonstrate the bene�ts we
have gained by using X

T UM L in our undergraduate
and graduate teaching programs.
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1 In tro duction

The Uni�ed Modelling Language(UML) is a diagram-
matic notation that is widely used in the computing
industry to specify, visualise,and document modelsof
software structure and behavior. Becauseof its wide
acceptanceby the computing industry, few students
of computing-related disciplines survive to the end
of their programs without some contact with UML
(OMG 2003). In particular, UML is often taught asa
way to represent software requirements speci�cations
and designdescriptions.

BecauseUML is only a notation for representing
software models, there is a need to teach it together
with an appropriate analysis and design method.
Such methods are often basedon the work of Booch
and Rumbaugh (Booch 1994,Rumbaugh, Blaha, Pre-
merlani, Eddy & Lorenson1990)and might be called
elaborative in that they begin during analysis by cre-
ating object-oriented models of software at a high
level of abstraction, omitting design and implemen-
tation details. During designphasesthesemodelsare
elaborated (or re�ned) to include design and imple-
mentation information. Eventually the models be-
come speci�cations for code. UML is used to repre-
sent modelsproducedat all the stagesof this process.

We seethree problems with this situation.

1. Becauseof its wide range of applicabilit y and
becauseof its history (as a uni�c ation of three
di�eren t notations) UML is very large and, in
places,ambiguous. We believe that its size and
complexity is beyond what should be taught to
undergraduate students.
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2. We believe that popular elaborative approaches
to development are at odds with important soft-
ware engineeringprinciples that we wish to teach
to our students. In particular, elaborative meth-
ods encouragea blurring of analysis and design
activities and work products. This con
icts with
our abilit y to teach and demonstrate the impor-
tance of separating concerns. In addition, meth-
ods that encouragethe development of partial
modelscon
ict with industry acceptedindicators
of good speci�cations including correctness,lack
of ambiguit y, completeness,consistency, veri�a-
bilit y and maintainabilit y (IEEE 1998).

3. Students want to use the lastest implementa-
tion technology including Java, PHP, .Net, and
Python. Unfortunately , many of these technolo-
gieso�er poor support for the software engineer-
ing principles wewish to teach. The result is that
student designmodelsare often in
uenced by id-
iosyncrasiesof the implementation technologies
being used. This further complicates the teach-
ing of software engineeringprinciples.

In this paper we intro duce Exe-
cutable/T ranslatable UML (X

T UM L) (Mellor &
Balcer 2002) and show how it has been used in our
undergraduate and graduate teaching program to
deal with each of the problems outlined above. We
follow this with a description of two, very di�eren t,
casestudies. The �rst is a simple web basedapplica-
tion implemented using PHP. The secondis a simple
Virtual Reality application implemented using Java.

2 Executable and Translatable UML: Key
Concepts

2.1 X
T UM L is a translativ e metho d of soft ware
developmen t

Object oriented software development methods can
generally be classi�ed aseither elaborative or transla-
tive.

Elaborative methods of software development are
the most popular at the present time and are taught
in most software analysis and design courses. They
are basedon the belief that object orientation can be
usedto smooth the transition from analysis to design
and implementation. An elaborative approach be-
gins during analysisby creating object-oriented mod-
els of software at a high level of abstraction, omit-
ting design and implementation details. During de-
sign phasesthesemodelsare elaborated (or re�ned) to
include design and implementation information thus
blurring the distinction betweenrequirements speci�-
cation and designdescriptions. Eventually the models
becomespeci�cations for code.

Translative methods of software development are
based on the idea of maintaining a clear separation



of concernsthroughout the entire software lifecycle.
These separatedconcernsinclude aspects associated
with requirements speci�cations, software architec-
ture, and implementation.

Models produced during analysis activities spec-
ify the required data, state and behavior of separate
aspects of a software system independent of imple-
mentation. Information from these models is then
translated and woven together with separately devel-
oped software architecture and implementation models
to form code and other software engineeringartifacts.

The translativ e approach to software development
was pioneered by Sally Shlaer and Stephen Mel-
lor in the 80's leading to the development of the
Shlaer/Mellor method (Shlaer & Mellor 1992). Dur-
ing recent years the Shlaer/Mellor method has been
re�ned and updated to makeuseof a well de�ned sub-
set of UML for representing models which can be ex-
ecuted for veri�cation and simulation purposes.This
method is now called Executable/T ranslatable UML
(X
T UM L) and is describedin a number of recent books

(Mellor & Balcer 2002,Starr 2002,Starr 2001). The
method is also supported by at least two commer-
cial software engineering tools (Pro ject Technology
2003, Kennedy Carter 2003). In our teaching pro-
gram we use(Mellor & Balcer 2002)as the text book
and (Pro ject Technology 2003) in our laboratories.

2.2 Domains
X
T UM L supports the separate modeling of the vari-
ous subject matters that comprisea software system.
An X

T UM L model comprisesa set of domain mod-
els that each capture the conceptsof an autonomous
subject or aspect of a system such as the application
itself, user and other interfaces, databases,security
and networking. While somedomains may appear to
be subsystems,most are not. Most domains spec-
ify a particular aspect of a system which may touch
all parts of the �nal software. An example of such
a domain is security. A security domain may specify
security-related concepts such as users, roles, pass-
words, and privileges, how the conceptsrelate to each
other, and how they respond to various stimuli. Secu-
rit y may a�ect many parts of an operational software
system but nonethelessis modeled and veri�ed inde-
pendently of any other subject matter. During model
translation, subject matter of the application domain,
security domain and other domainswill be systemati-
cally translated and woventogether to form a working
software system.

Domains can be categorisedas application, inter-
mediate abstractions, or implementation. Application
domainsdeal with software requirements and contain
no design or implementation concerns. Implementa-
tion domains, on the other hand, deal with design
and technology concerns such as software architec-
ture, programming languagesand communications.
A working software system will be constructed from
the conceptsde�ned in implementation domains. In-
termediate abstractions are domains used to decou-
ple an application requiring generic services,such as
a database,from the speci�c technology that provides
the service. Someof these domains may be well un-
derstood or they may already exist. These realised
domains are not modelled using X

T UM L and usually
represent implementation technologies and external
systemswith which the subject software must inter-
act, including o�-the-shelf or legacysoftware.

Figure 1 depicts a domain chart showing the soft-
ware aspects of a simple system. The implementa-
tion domainsrepresent various aspectsof the popular
open source LAMP architecture - Linux (Operating
system), Apache (web server), PHP (programming

language) and MySQL (database). The Persistence
Domain is an intermediate abstraction that decou-
ples application domains from implementation tech-
nology (MySQL). The Bookmark and Security do-
mains model application requirements. This example
will be described in more detail in the �rst casestudy
below.

2.3 Executable domain mo dels

An important feature of X
T UM L is that domain mod-

elsare completeexecutablemodels of a given subject
matter. This means that domains dealing with re-
quirements are executablespeci�cations which allow
for veri�cation of required functionalit y early in the
softwarelifecyclebeforeany designor implementation
technologies are even considered. To facilitate the
construction of executable models, X

T UM L domains
are represented using a well de�ned and integrated
subset of UML comprising class diagrams (no oper-
ations), state charts, collaboration diagrams and se-
quencediagramstogether with the Object Constraint
Language(OCL) and an implementation of the UML
action semantics.

Note that while X
T UM L domain models are rep-

resented using a small subset of UML and include
an asynchronous view of behavior, they place no re-
strictions on how domain subject matter is translated.
For example, domain models can be translated into
object-oriented or structured designs,or directly into
object oriented, structured or unstructured program-
ming languages. An asynchronous speci�cation can
be implemented synchronously.

2.4 Bridges

Application domains are usually modeled indepen-
dently of issuessuch as security, user interaction and
persistence. They rely on bridges to other domains
to deal with such issues.Thesebridges are shown as
dashedarrows on the domain chart and represent the
assumptions made by a client domain and a set of
corresponding requirements that are placed on some
other relevant server domain.

For example, the arrow between the Bookmark
and Graphical UserInterface(GUI) domainsdepicted
in Figure 1 indicates that the Bookmark domain as-
sumesthat someother (anonymous) domain will pro-
vide a user interface and that in this casethe bridge
has placed corresponding requirements on the GUI
domain.

The consequencesof this bridging concept include
the abilit y to replace or supplement server domains
without changing any client domains. For example,
the GUI domain depicted in Figure 1 could be re-
placed,at the level of speci�cation rather than design
or implementation, with a domain that models an-
other form of user interface such ascould be provided
by a mobile phone. Replacing a domain in this way
would require changesto bridgesfrom client domains,
but not the domains themselves.

There are two sorts of bridges: explicit and im-
plicit.

Explicit Bridges represent assumptionswithin the
model of one domain concerningthe existenceof an-
other domain that areexplicitly represented assignals
to and from external entities and the invocation of op-
erations on such entities. In e�ect, the model of one
domain assumesthat someother anonymousdomain,
linked via an explicit bridge, will generate required
signals, consumeand act appropriately on signals it
is sent and implement correctly any operations in-
voked on it. Explicit bridges are usually usedto link
application and intermediate abstraction domains to
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Figure 1: The Bookmarks Application Domain Chart with annotations describing the nature of each domain
and bridge.

realiseddomains that represent external systemsand
legacy software.

In contrast to explicit bridges, implicit bridges
represent assumptions within the model of one do-
main concerning the existenceof another domain as
a set of rules that direct the use of subject matter
in the bridged domains to form elements of require-
ments speci�cations, design descriptions, implemen-
tation and other software engineeringartifacts.

Implicit bridging rules can be categorisedas map-
ping, transformation, or weaving. Mapping rules are
usedto state the correspondencebetweenthe subject
matter of one domain and that of another domain.
Transformation rules involve the transforming of sub-
ject matter of one domain into subject matter of an-
other domain. Weaving rules are more complex and
involvethe principles of aspect orientation (Elrad, Fil-
man & Bader 2002) where the subject matter of one
domain is woven throughout the subject matter of
another domain.

2.5 X
T UM L and the soft ware developmen t life-
cycle

X
T UM L domains are identi�ed, modeled and used
throughout the software development lifecycle. Dur-
ing analysis,application domains,applicable interme-
diate abstraction domains and associated bridges are
identi�ed and modeled. During design,any other re-
quired intermediate abstraction domainsare modeled
along with all chosenimplementation domains. Soft-
ware architecture is captured in the form of transla-
tion rulesassociated with implicit bridges. During im-
plementation, domains are systematically translated
into deployable software in accordancewith thesear-
chitectural rules.

During maintenance,domainsand bridgesmay be
added, removed and/or modi�ed to correct defects,
add new functionalit y and to take advantage of new
technology.

2.6 Mo del Compilation

One of the ultimate objectives of X
T UM L is to rely

on model compilers which are able to compile a set of
domain models and associated bridges into artefacts
such as executableprograms that can run on a par-
ticular target software architecture. At present there

are few model compilersavailable for educationalpur-
poses. The onesavailable mainly support simple ar-
chitectures such as embeddedC/C++ environments.

3 X
T UM L and education

3.1 Our program requiremen ts

We teach into two very di�eren t programs. Two of
us lecture advancedSoftware Analysis and Design to
undergraduate Information Technology, Information
Systems, Computer Scienceand Software Engineer-
ing students. The other is responsible for gradu-
ate conversion programs in Information Technology
which take students with degreesin the sciencesand
engineeringand provide them with a mixture of pro-
gramming, software engineeringand generalinforma-
tion technology courses. A feature of these graduate
programs is that they have a central theme of virtual
reality which is used as an orientation for a portion
of their courseware.

In teaching into the general software engineering
program, we aim to present the theory, practice and
context of X

T UM L with as much depth as time al-
lows. We then aim to provide our students with a
framework for applying X

T UM L to their software en-
gineering projects which acknowledgesthat they will
not have accessto a model compiler. A casestudy
which re
ects this approach is described in Section4.

In teaching into the graduate program, we aim
to integrate the Software Analysis and Design course
with the students' initial foray into object oriented
programming, designpatterns and computer graphics
programming. We acknowledge that these students
will probably design and code at a lower level �rst
but we demand that they then are able to evaluate
what they have createdwithin the X

T UM L framework
and that they are able to apply designpatterns to re-
structure their software into realised domains which
might be reused in the future. A casestudy which
epitomisesthis approach is described in Section 5.

3.2 Bene�ts gained by adopting X
T UM L

The useof X
T UM L in our programsdirectly addresses

each of the problems associated with teaching UML
and appropriate analysisand designmethodsoutlined
in the intro duction.



1. X
T UM L usesa small, well de�ned subset of the
UML to represent domain models. It makesuse
of and clearly de�nes simple semantics for UML
class diagrams, UML statechart diagrams and
(derived) collaboration and sequencediagrams.
To these are added an implementation of the
UML action semantics (OMG 2003,section2.16)
which can be usedto specify processingrequire-
ments within analysismodels,and the UML Ob-
ject Constraint Language (OCL) which can be
used to specify constraints related to class and
state chart diagrams.
The useof such a pro�le, simpli�es the teaching
of UML while providing a notation su�cien t to
represent any model of domain data and behav-
ior.

2. X
T UM L provides a framework for the systematic
development of software. A software system is
decomposedinto domains that each deal with a
separateaspect of the system. Each of thesedo-
mains is modelled using the X

T UM L notation,
action language and OCL. With the help of a
suitable tool, thesemodelscan be veri�ed ascor-
rect (meeting the requirements) at the analysis
stage before any designor implementation deci-
sionsare made.
This framework embodiesa number of important
software engineering principles and techniques
we wish to intro duce to students including an
understanding of context, separationof concerns
(between and within requirements, design and
implementation), useof semi-formal information
and behavioral speci�cations, interface speci�-
cation, an emphasison the early veri�cation of
requirements speci�cations, application indepen-
dent designand large scalereuseof domain spec-
i�cations and architectural design.

3. X
T UM L models can be systematically translated
into deployable software using tool support or by
hand coding. This meansthat students can usea
well de�ned method and UML pro�le to engineer
speci�cations and designs,that can be translated
onto popular implementation technologies such
as PHP, Python and Zope even when such tech-
nologiesare themselvespoorly engineered.

As well asthe abovebene�ts, X
T UM L providesstu-

dents with a realistic approach to large scalereusein
the form of entire domain models and bridge descrip-
tions.

3.3 Using X
T UM L with limited to ol supp ort

While an ultimate objective for X
T UM L is the useof

model compilers, the reality is that commercialmodel
compilers (there are no viable open source tools as
yet) have the following disadvantages for us in our
teaching programs and for our students when they
move into their �rst jobs.

1. They are very expensive. (The model veri�ers
also cost money; but this is minor compared to
the full model compilers.)

2. They are limited to simple software platforms
such as embeddedor command line C and C++
programs. Our students want to build systems
using contemporary technology such as the Web,
Java, .NET, PHP, Computer Graphics, Virtual
Reality and soon. It is not only our students who
want to build thesesystems. Industry alsowants
to move with popular implementation technol-
ogy.

Our approach to theseproblemshasbeento try to
teach enoughX

T UM L to give students the good mes-
sagebut then to emphasisethe following points:

1. X
T UM L modelling of domains is similar to the
processthat is carried out using other methods
of object-oriented analysis. The di�erences are:

(a) A single aspect of the software system is
modelled within each domain. This dra-
matically simpli�es the modeling exercise,
but requiresa mind shift that somestudents
�nd di�cult. With practice, however, aver-
agestudents eventually see the light.

(b) The (subset) UML notation is strictly de-
�ned and the modelling detail is su�cien t
for the models to be executable. This strict
subsetof UML overcomesmuch of the am-
biguit y that students wrestle with regard-
ing UML. Someof the �ne detail from an
X
T UM L model can be lost but what re-
mains are useful analysis models which can
be turned into code (either by elabora-
tion or translation). Keeping all the detail
enables model veri�cation at the analysis
stage. Students are encouragedto main-
tain the detail and to verify their models
whilst carrying out their software engineer-
ing projects.

2. Principles for the translation and weaving of
X
T UM L domains together can be stated in words
and applied by hand by students in order to pro-
duce code. This can be turned into an iterativ e
process:a �rst attempt at translation may pro-
ducecode with short-comings,hencethe process
is to modify the translation (and/or the archi-
tectural) rules and try again. The advantage is
that both a software product and a set of useful
rules (design decisions) is developed which can
then be applied to future products.

In e�ect, our approach to dealing with this limi-
tation of existing tool support, has led to a further
bene�t of using X

T UM L in our teaching program. It
provides a framework within which students can cap-
ture and then systematically apply reusable design
decisions.

4 Case Study I: W eb based Bo okmark Man-
ager

Our �rst casestudy has already been intro duced in
the discussionof X

T UM L above and is one of the ex-
ampleswe usein our undergraduatesoftware analysis
and design course. It comprisesa simple web appli-
cation that aims to demonstrate how X

T UM L can be
usedto producewell engineeredspeci�cations and de-
signseven when the target software platform is based
on technology that supports few if any of the software
engineeringprinciples we deemimportant.

The Bookmarksapplication allowsregisteredusers
to maintain a private set of web addressbookmarks.
The X

T UM L domain chart for the application is de-
picted in Figure 1. Annotations on that �gure indi-
cate the nature of important domains and bridges.

The Bookmarksdomain modelsthe subject matter
of bookmarks and subscribers to the system. Other
concernssuch as user interfaces,security and persis-
tence, are the subject matter of other, separate,do-
mains. Figure 2 depicts the class diagram for the
Bookmarks domain.

The behavior of the Booksmarkdomain is speci�ed
using a state model as depicted in the State Chart
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username : Name; bookmark : URL;
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Figure 2: A Class Diagram that speci�es the data
requirements of the Bookmarks Domain

addBookmark [username, URL]

Adding Bookmark
entry/

select any user from instances of Subscriber
where selected.username = username;

relate user to self across R1;

entry/

Changing Bookmark

self.bookmark = newURL;

deleteBookmark

entry/

Deleting Bookmark

select one theUser related by self->Subscriber[R1];
unrelate theUser from self across R1;

[newURL]
changeBookmark

changeBookmark [newURL]

deleteBookmark

Figure 3: A State Chart that speci�es the required
behavior of the Bookmark class.

of Figure 3. Note that the state model speci�es the
way in which instances of the bookmarks class are
required to behave in responseto events from outside
the domain. The domain models do not specify or
rely on the events coming from a particular domain.

The classdiagram for the Security domain is de-
picted in Figure 4. Note that this domain model
makesno referencewhatsoever to aspectsof the book-
marks or any other domain. The concept of a role,
for example, is modeled in the security domain, but
the actual roles required by the application we are
building are not speci�ed within the domain. It is
the implicit bridge from the BookMarks domain to
the Security domain that speci�es the actual roles re-
quired. The security domain modelshow roles(what-
ever they are) relate to usersand other parts of the
security domain. The bridge will also specify what
userswith particular roles can do within the context
of the Bookmarks domain (eg. what events they can
generateand what data they can read and write).

The graphical user interface domain models con-
cepts used to build GUIs including widgets, style
guides and conventions. Bridges from the Security
and Bookmarks domain are used to specify the lay-
out of user interface screensand how their use im-
pacts the operation of the Bookmarks and Secu-
rit y domains. This would include a description of
what events are generated(for example,the addBook-
mark[...], changeBookmark[...] and deleteBookmark
events depicted in Figure 3) by the user interface and

username : Name;

Registered User

password : String;
rolename : String;

Role

0..* has

0..*

R1

isAssignedTo

Role Assignment

Figure 4: A Class Diagram showing data require-
ments of the Security Domain

Figure 5: Screenshotsof Security aspectsof the User
Interface

Figure 6: Screenshots of Bookmarks aspects of the
User Interface

what data is displayed and input via the user inter-
face. Figures 5 and 6 depict someof the Security and
Bookmarks web pagesspeci�ed for our application.

Like the Security domain, the Persistencedomain
is modeledindependently of Bookmarksand other do-
mains. It modelsa way for data to be stored in a per-
sistant fashion and how that data can be retrieved,
backed up and recovered. It contains no reference
whatsoever to details of the bookmarks, security or
any other domain. The bridges from Security and
Bookmarks to the persistencedomain specify which
data from thesedomains are to be persistent and the
form they will take in terms of the conceptsmodeled
in the persistencedomain.

The domains at the bottom of the domain chart
represent various aspects of the implemented soft-
ware. They are all realised in that they are not mod-
eled using X

T UM L becausethey are generally well
understood or already exist. GUI widgets will be
implemented using HTML assembled into web pages
that will be served by the Apache domain. PHP will
be used to implement state actions associated with
the Bookmarks and Security domain models. The
MySQL domain will provide an implementation of the
conceptsmodeled in the Persistencedomain.

Once all of the non-realised domain have been
modeledand veri�ed, and all bridges have beenspec-
i�ed, the student can systematically translate the
model into artefacts of the HTML, Apache, PHP and



MySQL realiseddomains.

5 Case Study I I: Dra w3D

Our secondcasestudy is an example which we give
to graduate students who are completing a software
project in virtual-realit y related areas. These stu-
dents will have already taken courseswhich include
material on object-oriented programming, designpat-
terns, GUI construction and 2D and 3D computer
graphics. They also have taken the course on Soft-
ware Analysis and Design mentioned earlier.

Virtual Reality has beendistinguished from many
conventional software systems by the nature of the
interface. At a minimum, a VR application will have
a strong emphasison 3D graphics and interactivit y.
Interactivit y is mediated by a large variety of con-
trols and sensorsas well as by the graphical objects
themselves. VR software must sometimesdeal with
complicated sets of asynchronous events whilst tak-
ing time into account in a similar way to real time
systems. The applications themselves are often de-
rived from simulations (of aspects of the real world)
interwoven with narrativ esand gamelogic.

On a practical level, VR software development is
a specialist activit y because

� a deep knowledge of 3D graphics APIs, and
graphics modelling software, is needed to pro-
duce a quality experiencewith novel behaviors

� the interface involves novel, and changing, con-
trollers and sensors

� the hardware display platforms can vary greatly

� human computer interfacedesignfor VR systems
is still an active areaof research rather than rou-
tine application.

A common problem we notice with our graduate
students is that they becomeobsessedwith the details
of working with the particular scenegraph API (we
useJava3D in our computer graphics course). When
the scenegraph takesover a program, the gamelogic
becomesencapsulated in particular behavior nodes
which are interspersedwith geometrical information
in the scene-graphtree. It is very di�cult to seehow
thesebehaviors knit together to produce the interac-
tiv e dynamics of the application. Such a structure
is very di�cult to extend and modify. Our hope has
been that the separation of concerns that students
have learnt in their X

T UM L coursecan be brought to
bear on this type of software system.

This particular casestudy is an interactive, 3D-
line-drawing application. An initial messageis dis-
played which invites participants to pressa button to
obtain the main program menu. After choosing New
Line for the �rst time, the main menu disappearsand
is replaced by a dancing cursor which can be moved
in each of the 6 coordinate directions. Pushing a pen
down button placesa blob of randomly coloured ink
onto the screen.Subsequent movements of the cursor
draw a 3D line segment which can be moved in any
direction until the secondend-point is de�ned. Par-
ticipants can build up a picture which is made up of
several, randomly coloured, lines each of which can
have many line segments and blank segments.

The graduate students generally do not possessa
software engineeringor IT background and so, many
of them, whilst �nding the concepts of X

T UM L rel-
atively easy to understand, are unable to realise the
full meaning and purpose of domains and bridges -
especially implicit bridges. Hencethe approach that
has been taken with respect to the Draw3D project
more closely aligns with familiar concepts such as

subsystems and explicit bridging even though the
domain chart in Figure 7 clearly supports separa-
tion of concerns. Explicit bridging seemsto be eas-
ier for students to deal with when the application
is strongly oriented to the user-interface, especially
wherethere areobvious domain counterparts between
the Draw3D domain and the Models, SceneGraph
and GUI domains. Also, under normal circumstances
speci�c, realised implementation domains, like those
shown in the lower part of Figure 7, would not be
seen on a domain chart during the early stages of
development. However, part of the purpose of the
Draw3D project is to develop in Java and to that
extent such realiseddomains represent an implemen-
tation constraint.

As for CaseStudy I, each domain is modeled us-
ing the strict rules of X

T UM L forming �rstly , class
diagramsfor each domain and then modeling any be-
haviour of classesusing state charts. The Draw3D
domain dealswith the concernsof importing, editing
and creating 3D graphical models, whilst the Scene
Graph domain is concernedwith appearanceand con-
nectivit y of the graphical models described in the
Draw3D domain. The GUI domain is concernedwith
the interface to manipulate (import, edit and create)
the graphic entities concerning the Draw3D domain.
The explicit bridges between the domains generally
describe which events within a client domain need
to be transmitted to a server domain, providing an
asynchronous connection between the domains. A
more strongly coupled connection is possible if spe-
ci�c methods within a server domain are activated
from classeswithin a client domain. Theseconcepts,
whilst counteracting the ideals of separation of con-
cerns,do begin to steer the graduate students toward
a better understandingof the ideal wheredomainscan
be treated in total isolation and be reusedasrequired
within other applications.

6 Further W ork

Our third year Information Technology and Software
Engineering students are required to complete a year
long group project. As part of this e�ort, they are
required to produce a seriesof documents including
a Software Requirements Speci�cation (SRS) and a
Software Design Description (SDD). This year, most
of the groups are using X

T UM L to help in the con-
struction of their SRSs and more than half of the
groups are continuing with X

T UM L in their designs.
Early indications are that students have di�culties in
the following areas:

1. breaking away from an implementation focus

2. separating concernswithin the SRS

3. mapping X
T UM L work products to IEEE soft-

ware documentation standards and guidelines

Despitethesedi�culties, it appearsthat many stu-
dents have gained con�dence in using X

T UM L and
that they learnt a great deal about how to develop an
e�ectiv e SRSand SDD.

At the conclusionof the projects, we plan to eval-
uate the e�ectiv enessof using X

T UM L in student
projects.

7 Conclusion

We have been incorporating the teaching of X
T UM L

into our various coursessince2001. The casestudies
described here illustrate that the method has much
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Figure 7: Domain Chart for the Draw3D program

to o�er software development in a wide range of ap-
plication areas.

Taken to its extreme, and with the support of ap-
propriate tools and model compilers, X

T UM L raises
the level of abstraction beyond that of UML mod-
els. Somepeople would argue that this future state
is with us now and that this is the way that software
development should proceed. Our conclusion is that
there are clear bene�ts in incorporating the major el-
ements of X

T UM L into a teaching program even if the
full model-compiler route is not carried out. These
bene�ts are

1. The useof a strict subsetof UML which is easier
to understand than the full notation and which
doesnot su�er from ambiguit y or misuse.

2. A strong requirements-focusin software develop-
ment. It is possible to verify that the require-
ments are being met at the analysis stage.

3. A strong emphasison a separation of concerns.
This separation starts at the analysis stage and
is carried through the translation process. Stu-
dents are encouragedto focus on the nature of
concernssuch assecurity, persistenceand graph-
ical representation without being trapp ed into
coding in the particular way of an API. (This
has been of great bene�t to the virtual reality
application in the secondcasestudy.)
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